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SUMMARY \ lo%'\

Silicon N/P cells of va;i§§§‘base resistivities and gallium
arsenide P/N solar cells were ifradiated with nominally 0.6, 1.8 .
and 4.7 Mev protons. In the first experiment silicon N/P cells
of various base resistivities and gallium arsenide cells were «
irradiated with 4,7 Mev proton, measuring Isc and V open as
functions of flux. In the second experiment, the same types of
cells were irradiated with 0.6 Mev protons, with I-V curves and
spectral responses being measured.. -.In the third experiment, a
similar set of cells were irradiated with 1.8 Mev protons, with

1-V curve and spectral response being measured. N
/ cﬁ'/ﬂf’é”——l

© v b

INTRODUCTION

i ) This paper presents some results of proton irradiations of

' silicon N/P solar cells of various base resistivities and gallium
‘arsenide P/N solar cells with low energy protons of three different
‘energies, to compare the damage effect of the different types of

‘ cells. An unusual anealing effect was found to happen for 10 and

| 38 ohms cm N/P silicon cells that had been irradiated with (0.6

Mev protons.

PROCEDURE
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The Naval Research Laboratory 5-Mev Van de Graaff accelerator
was used for the source of protons. 1In this accelerator, the protons
travel down a horizontal drift tube which is aporoximately 25 ft.
long and has a 2 inch inner diameter. Four gold foils, 0.1 mil
thick for the 4.7 Mev experiment, were placed 15 ft. from the
sample chamber. Nickel foil 0.975 mil thick was used in the
1.8 Mev and 9.6 Mev tests. The foil served to reduce the intensity
of the beam and make it uniform. Figure 1 shows the experimental
:arrangement,
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.Proton flux was measured with a guarded Faraday cup in the
position of the specimen holder, before and after irradiations at
the three different energies. At this time the ratio of the flux
‘collected by the cup and the insulated drift tube was determined.
During each irradiation the flux collected by the insulated drift
209 NuO4 ALITIDVA tube was used as a measure of the flux incident on the specimens,
i Cells were 1 cm x 1 cm in size, having been cut in half by a
¢ diamond saw. Cutting the cells appeared to alter the cells'
characteristics little.
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The Xenon Arc intensity was calibrated with a 12 junction
thermopyle at the position of the specimen holder before and after
each irradiation} the thermopyle was compared to a normal incidence
pyrheliometer, béfore and after the experiment with the Xenon Arc
as the source. The standard intensity was 67 mw/cm2, measured at
the cell position. A set of (11) Balzer's interference filters
were used to give monochromatic light for the spectral response
measurements. The spectral intensity was measured with the 12
junction thermopyle before and after each spectral response
measurement, .

RESULTS

The following table (Table 1) shows the critical flux 0, of
each of the type of cells used, their efficiency under Xenon Arc
and sunlight, and their initial open circuit voltage. (Table 1)

Table 2 is a listing of the particle penetration depths into
the solar cells tested,

Figure 2 compares the damage effect of 4.7 Mev protons to a
short circuit current ratios of Si N/P 1, 10, and 38 ohm cm cells,
and GaAs cells. It will be noted that GaAs and the higher resis-
tivity Si cells have a larger critical flux than t?s 1 ohm-cm
cells, but after an integrated flux of 4 to 8 x 19 p+cm'2, they
become worse than the 1 ohm-cm cells.

Figure 3 compares the depreciation of the open circuit voltage
for the above cells, under 4,7 Mev proton bombardment. The Si 1) ohm-
cm cells degraded the fastest; next are the 1 ohm-cm cells; third are
GaAs cells. Least damaged are the 38 ohm-cm cells.

Figure 4 compares the short circuit current depreciation due to
1.8 Mev protons. The radiation damage does not appear as severe as
with the 4.7 Mev protons.

Figure 5 compares the open circuit voltage depreciation of Si 1,
10, and 100 ohm-cm cells, and GaAs cells due to the 1,8 Mev proton
flux. The Si 10 ohm-cm cells voltage changed the largest amount of
all the cells with the 1.8 Mev protons, as was the case for the 4.7
Mev protons.

Though the apparent critical flux for 1.8 Mev protons is 5.6x1012
p+cm'2 for short circuit current for the GaAs cell, some junction
damage effect seems to have taken place at fluxes greater than sx101 R
due to the step-like drops in the open circuit voltage ratios for
these cells.

Figusr . shows a comparison of maximum power ratios for 1.8 Mev
protons danage, for silicon N/P 1, 10 and 100 ohm-cm cells, The
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order of critical flux for the maximum power ratios are the same as
it is for the short circuit current ratios, considering just the
silicon cells., (Viz, the 1 ohm-cm cell depreciates fastest, the

10 ohm-em cell next, and least, the 100 ohm-cm cell). In making
calculations of radiation damage to a solar array aboard a space-
craft in the radiation belts one must consider the depreciation

of the maximum power point of the cell or the current supplied at
constant voltage, not the short circuit current, as had been
earlier thought.

Figure 7 compares the short circuit current ratios of Silicon
N/P 1, 10 and 38 ohm-cm cells and GaAs cells, under 0.6 Mev proton
bombardment. The order of critical fluxes are the same as under
the 4.7 and 1.8 Mev proton bombardment. A pronounced anealing or
recovery effect is seen for the silicon cells, for fluxes greater
than 5x1012p+/cm2. This is not seen for the GaAs cell. This will
be discussed further when the quantum yield curves are considered.

Depreciation of the open circuit voltage 1, 10 and 38 ohm-cm
Si N/P cells, and GaAs cells under 0.6 Mev proton bombardment is
shown in Figure 8. For fluxes above 1012p+/cm , the 1 ohm-cm cell
depreciates less than the other cells.

Figures 9, 10, 11 and 12 compare the short circuit current ratios
for the silicon N/P 1, 10 and 38 ohm-cm cells and GaAs cells, for
the protons and in this experiment. The data was replotted to show
the variations of the short circuit current of each type cell with
proton bombardment energy on a single graph.

Figure 13 shows the variation of the quantum yield of a silicon
N/P 1 ohm-cm cell under 0.6 Mev proton bombardment. As is expected
the response in the red drops off rapidly. The broad peak of the
curve is typical of high efficiency blue shifted cells.

Figure 14 shows the variation of the quantum yield of a silicon
N/P 10 ohm-cm cell, under 0.6 Mev proton bombardme:nt. Marked changes
to the junction characteristics and skin response are seen for the
1013p+/cm2 curve. (Attributing the blue response essentialig to
the skin, n. layer.) The appearance of the peaks in the 10 curve
for .77u and 1.0u and 1.0p wave length light is unexplained. The
decrease of the diffusion length of the minority carrier in the
skin would not account for the increase in the RED response. Also
unexplained is the sharp drop in blue response from 10 2 to 1013p+/cm2.

Figure 15 shows the variation in quantum yield of a silicon N/P
38 ohm-cm cell, under 0.6 Mev proton bombardment. Here also, are
marked changes seen between the 1012 and 1013 p+/cm? bombardments.
The peak in the 1013 p*/cm? curve is at .8u, the same apparent place
as it is for the unbombarded cell.
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Figure 16 shows the variation in quantum yield of a GaAs P/N
cell, under 0.6 Mev proton bombardment. No recovery effects were
seen in the short circuit current ratios for this type cell; none
is seen here in the quantum yield curve,

CONCLUSION

Unusual recovery effects were shown to happen for the silicon
N/P 10 and 38 ohm-cm cells under 0.6 Mev bombardment, for fluxes
greater than 5x1012p+/cm2, A flattening out of the damage rate

" is seen for Si/ohm-cm cells, for .6 Mev fluxes greater than 5x1012

pt/cm?2. An attempt to analyze the radiation damage as being purely
due to decrease in diffusion length was felt useless for the 1.8
Mev and 0.6 Mev bombardments because of the short proton penetration
depths. (Standard methods e.g. Baicker and Faughnan (1), require
that the particle penetrate the cell at least to a couple of
diffusion lengths.) That the particle penetrates only, on the
average 37u, in the case of 1.8 Mev protons in silicon, or 7.4u

for 0.6 Mev protons in Si, means that the "diffusion length" in

the base region of a cell is not a well defined object. Knock-on
recoil atoms certainly will contribute to radiation damage, as long
as their energy is great enough to dislocate a Si or GaAs "“atom",
but their effect is-not uniform to a depth several times the
bombarding protons penetration depth..
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